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Case Report

Clinical Presentation

A six-year-old girl was first conclusively diagnosed with pulmonary arterial
hypertension approximately 3 years after she exhibited the first signs of any
abnormality, which encompassed syncopal episodes on exertion. During the interim,
she progressively developed right heart failure. Shortly following the diagnosis, she
was readmitted due to seizures secondary to pulmonary hypertensive crises and
hypoxia. She was eventually released to home on oxygen therapy.
Two months later, the child’s mother found her daughter seizing and called
Emergency Medical Services (EMS). On initial exam, the child was found with a heart
rate of 40 bpm and labored respirations, at which time chest compressions were
initiated, and respirations were assisted using a bag-valve-mask (BVM) airway.
During transport to the emergency department (ED), a second EMS unit met the
ambulance en route, and, despite adequate ventilation via the BVM, intubation was
attempted. The first attempt was unsuccessful, but a second attempt was reportedly
successful. Transport continued to the ED, where resuscitation attempts continued.
Following the second intubation attempt in the field, lung sounds were reported
as present and equal. Despite 34 minutes of continued CPR in the ED, the patient was
pronounced dead. The case was referred to the coroner, who ordered an autopsy.
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Figure 1: Autopsy photograph after anterior chest plate removal, showing the enormous heart. Also seen is the right lung. Figure 2: A
cross-section of the enlarged heart at autopsy (scale in centimeters). Note that the right ventricular wall (on right side of photograph) is
similar in thickness to the left ventricular wall. Also, note that the right ventricular cavity is markedly dilated. Figure 3: The markedly
congested lungs at autopsy.
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Figure 4: The esophageal intubation (tube
rotated 180° along longitudinal axis in order to
better visualize entrance into the esophagus).
Figure 5: A different view of the esophageal
intubation. Note that the inflated cuff is
evident as it expands the esophageal wall
(lower portion of photograph). Figure 6: A
similar photograph as shown in Fig. 5, with
the posterior wall of the esophagus opened,
showing the endotracheal tube within its
lumen. Figure 7: The opened esophagus after
removal of the endotracheal tube. Note the
presence of mucosal blanching (arrow)
indicating the inflated cuff was within the
esophagus.

Gross and microscopic abnormalities indicative of childhood idiopathic pulmonary
hypertension were noted at autopsy. The heart was notably enlarged (Fig. 1) and
exhibited marked right ventricular dilation and hypertrophy with both the right and
left ventricular walls measuring 0.9 cm (Fig. 2).
Grossly, the lungs displayed dark red-blue congested parenchyma (Figure 3).

Table 1: Normal
6-year-old female
values versus
patient values.

Variable
mPAP (mmHg)
PVR (HRU)
PCWP
Liver wt. (g)
Heart wt. (g)
Height (in)
Weight (lbs)

Normal
14
<3
<15 mmHg
600-647
90-97g
45
44

Discussion

Patient
72
21.8
11 mmHg
950
260
47
45

2-4,6,7

Childhood idiopathic pulmonary arterial hypertension (CIPAH) is characterized by
dyspnea (75%), exercise limitation (31%), and syncope (31%) on examination.5 At
An additional gross autopsy finding was the identification of an esophageal
clinical diagnosis, the patient discussed in this case had a documented history of all
intubation (Figure 4). The endotracheal tube was found in the patient’s esophagus
three of these symptoms. 80% of patients with CIPAH demonstrate a right ventricular
with the cuff inflated (Fig. 5 & 6) and blanched underlying mucosa (Figure 7).
heave, 23% exhibit hepatomegaly, and 8% show elevated jugular venous pressure. ECG
Microscopically , the heart displayed myocyte hypertrophy (Figure 8), and the
demonstrates right ventricular hypertrophy in 85% of cases and right ventricular strain
lungs exhibited intra-alveolar hemosiderin laden macrophages and marked vascular
in 50%. 5
congestion (Figure 9), as well as pulmonary arterial intimal cellular proliferation,
Microscopic autopsy findings are indicative of pulmonary hypertension. In the
medial hypertrophy, and concentric intimal fibrosis with intimal narrowing (Figures
pulmonary arteries, concentric intima remodeling and intimal fibrosis lead to
10-13). Additionally, pulmonary artery branches were dilated.
narrowing of the vascular lumen.8 These microscopic changes, as well as medial
Toxicology tests showed therapeutic levels of diazepam. A lung viral culture was
hypertrophy, are indicative of severe pulmonary hypertension rather than moderate or
negative.
mild forms of the disease.8
In addition, gross changes to the esophagus were noted, indicating the
contributory cause of inadvertent esophageal intubation. Specifically, the cuff of the
intubation tube was found inflated in the esophagus, while blanching of the
underlying mucosa was noted at autopsy. Risk factors for esophageal intubation
include female sex and decreasing age.9 In a study of critically-ill adult intubations,
esophageal intubation occurred in 8% and 3% suffered complications.10
Whether this child would have survived this episode if she had not had an
8
9
10 esophageal intubation cannot be stated to any degree of certainty. If a forensic
pathologist discovers an esophageal intubation at autopsy in a case where death had
not yet occurred (via review of the clinical/EMS history), then it is appropriate to
consider the esophageal intubation as contributory to death. As per custom, if any nonnatural process contributes to a death that would otherwise be deemed natural, the
manner of death ruling is determined by the non-natural event.11 As such, the manner
of death in the presented case was ruled an accident.
The clinical and autopsy findings demonstrate many of the diagnostic pathological
11
12
13 findings of childhood idiopathic pulmonary hypertension. Gross findings, for
Figure 8: Microscopic appearance of the myocardium, showing enlarged cardiac myocytes (hematoxylin & eosin; original
example, marked hepatomegaly and cardiomegaly with dilation of the right ventricle,
magnification 200X). Figure 9: Microscopic appearance of the lungs, with marked vascular congestion and abundant intra-alveolar,
as well as microscopic findings, such as concentric intimal fibrosis, are indicative of the
pigment-laden macrophages, indicative of heart failure (hematoxylin & eosin; original magnification 200X). Figure 10: Microscopic
appearance of pulmonary artery branch within the lung, showing medial cellular hypertrophy and wall thickening (hematoxylin &
severe form of the disease that ultimately was considered the major factor in this
eosin; original magnification 200X).
Figure 11: A trichrome-stained pulmonary artery branch within the lung, highlighting the concentric medial fibrosis (blue) (trichrome
child’s death. The case serves as an example of a severe case of CIPAH, with especially
stain; original magnification 200X). Figure 12: An elastic-stained pulmonary artery branch within the lung, highlighting the internal
impressive heart findings. In addition, the case reminds healthcare professionals of the
and external elastic laminae (elastic stain; original magnification 200X). Figure 13 – An immunohistochemical stain for smooth muscle
actin, highlighting the hypertrophic smooth muscle cells within the media of a pulmonary artery branch within the lung (SMA
potentially devastating effects of esophageal intubation.
immunoperoxidase stain; original magnification 200X).

Autopsy Findings
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Introduction
Pulmonary arterial hypertension (PAH) is characterized as average pulmonary
artery pressure of greater than 25mm Hg at rest (normal =14 mm Hg). Childhood
idiopathic pulmonary arterial hypertension (CIPH) is distinguishable from PAH by the
absence of family history or underlying disease. Symptoms of CIPAH include dyspnea,
exercise limitation, and syncope. Common organ-specific changes include right
ventricular hypertrophy and right ventricular strain. Prognosis for the disease is poor
with one, three, and five year survival rates of 68%, 48%, and 35%, respectively.1
In this report, we present the case of a six-year-old girl with idiopathic pulmonary
arterial hypertension who died following an exacerbation of her disease, aggravated by
inadvertent esophageal intubation.
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Final Diagnosis
Given the autopsy findings and the history as presented, the
cause of death was ruled as primary pulmonary arterial hypertension with a
contributing factor of esophageal intubation. The following comment was included in
the autopsy report: While the underlying severe natural disease may have caused
death in and of itself in this case, the esophageal intubation cannot be ignored as a
contributory cause. The manner of death, therefore, was ruled as accident.
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